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Moaenb Xnakou Kannu
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W(A,Z)= aAd — pA 4 Ve o) y + (AT,
a=15.6 M»B, ¢ = +34 MbsB — 4€THO-4YETHEBIE S1pa;
F=17.2 M»aB, = 0 — HEUYETHBIC S7pa;

y=0.72 M»B, (' =—-34 MsB — Heu€THO-HEUETHBIE SIpa.
0=23.6 MaB

dopmyna Banuysekkepa onmcbiBaer:

1.3Hepruno ce4a3n a4pa,

2.3Heprum otaeneHnsa n, p, a-4actuubl, geneHue,
3.06nacTb cTabunbHbLIX U PpaanOaKTUBHBLIX A4ep,
4.rpaHnubl CyLEeCTBOBaAHNUA aTOMHbIX S4ep.



dopmyna Baunusekkepa
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Pa3HOCTb MeXxay aKcnepMMeHTanbHbIMU 3HAaYEHUSIMU SHEPTUN CBA3M N pacHeTamm
Ha ocHoBe hopmynbl Banuzekkepa ana aaep ¢ pasnuyHbIM YACTIOM HENTPOHOB.



[NoTeHumanbHaa ama. KynoHoBCcKuu dapbep
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PanunanbHasg 3aBUCUMOCTb HYKIIOH-HYKJIOHHOTO TTOTEHIIUAJIA



MoTeHUMan HYKNOH-HYKNOHHOTO B3aUMOAENCTBMS
V=V m)+V,()s,s,)
+V. (r)(s,n)(s,n)
+V,(r)(LS)

HyKknoH-HYKNnoHHOe B3aumoaencTtBme MOXHO onmcaTb C NMOMOLLbIO
noTeHumana, 3aBUCSILLLEro OT HECKOJIbKUX BEJINYUH:

® pPacCTOSAAHMA MeXAY HYKITOHaMM,

e B3aMMHOW OpPMUEHTaLUUN CNMUHOB HYKINOHOB,

e HeUueHTparibHOro xapakrepa sigepHbIX CUn,

¢ BeJINYMHbI CMINH-OPOUTANBLHOro B3aUMOAEUCTBMUA.
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3aBMCUMOCTb IHEPrMn HEUTPOHHbIX OAHOYACTUYHbIX COCTOSIHUN
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207
g2 D
9/2 "
3.43 —~L
2.34 — 12
_I_
| 63 13/2
0.89 —L2
0.57—L2
1/2°-

207, 208, 209ph

HElulTll OHHBEIC ]Iﬂ,[[ﬂﬁﬂﬂ OYRH

0

10

298P

Sdzﬂ )
11 1;52;2
lL_lU2
Zgw2

Yposenr  PepMu

—3

IHeprua ceazn, VMaB

S]JU2
2
3y,
==
l]lgﬂ
2y

thy,

209
Bsz
2.52 3/2%
* +
2 47 7/2

1/21

2.03 /
_I_

1.56 5/2_
1_41£4L
_I_

o7 11/2
g/2t

. /




KonnektuBHble
KoneodarenbHbIEe N
BpallaTesibHble
BO30YyXXAEeHHble COCTOAHUA
aTOMHbIX aep



KonnektuBHble Moaenu agep

@daKThl, CBUJICTEIBCTBYIOIINE O KOJJICKTUBHBIX CTEIICHSX
CBOOOJIBI SIJIED.

e [Ilpu sHeprusx Bo3oyxaeHus E <3 M»B Bo MHOrHX
saipax HaOJIOAI0TCS MOCIEA0BATEILHOCTH SIJIEPHBIX
COCTOSIHMH, KOTOPBIE HE MOT'YT OBITh OOBSICHEHBI
epexoaMu OTIACIBbHBIX HYKIIOHOB MEXKAY SIASPHBIMU
000JI0YKaMH.

e Bo030yXaeHHbBIE COCTOSIHUS, COOTBETCTBYIOIIHE
rapMOHHYECKUM KOJICOaHUSIM SIACPHOM NOBEPXHOCTH.

e Bo030yXaeHHbBIC COCTOSIHUSA, COOTBETCTBYIOIME BPAILICHUIO
ne(pOpMHUPOBAHHOTO SIPAa.

e Bo030yx/I€eHHbIE COCTOSIHUS, COOTBETCTBYIOIIINE
KOJIEOQHMSIM IPOTOHOB OTHOCUTEIIFHO HEHTPOHOB.



KonebaTtenbHble cocToaHUA chepmnyeckmux aaep
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J=0 J=1 J=2 J=3
MOHOIMOJIbHbIE ounosibHbIe KeadpynoJsibHbIe OKMYynoJibHble

OunonbHble Kone6aHus J=1 He OTHOCATCA K BHYTPEHHUM BO30YXAeHUaAM aapa.

OHeprun KBaapynosnbHbIX U OKTYNOJSIbHbIX BO30YXAE€HUW B KBAHTOBOWU TeOpUM
MOrYyT MPUHUMaTb AUCKPETHbIEe 3HaYeHUS

Emadp =n2h0)2, Eoxm = n3ha)3 ’

AHeprusa Bo30yxaeHus siapa, B KOTOPOM OAHOBPEMEHHO NPOUCXOOAT
pa3nnyHble NOBEPXHOCTHbIE KonebaHua hopmbl, UMeeT BUA

E= % nho,

J>2
1 ; —41cno (hOHOHOB onpeAeneHHoro TMna,

hi@w, - aHeprus ¢oHoHa.



KonebaTtenbHble COCTOAHUA chepnvecKkux aaep

n=2, E=2hw, 02" 4"
n=1,E=1hw, 2"
n=0, E=0 0"

CnekTp KBagpynosibHbIX konedaHum
4YETHO-YETHbIX A0ep.

CocrostHus ABYX (D)OHOHOB j =2 ¢ CyMMapHbIM ciHOM J =1,3

3aIlpeIICHBI, T.K. BOJTHOBAs (DYHKIHS JIBYX TOKICCTBEHHBIX O030HOB
JIO0JDKHA OBITh CHMMETPUYHOM OTHOCHUTEIILHO NEPECTAHOBKH YaCTHII.
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BpawarenbHbleé COCTOAHUSA
aecopmMmupoBaHHbIX saep

2
E -k h T+

Kacc 23 ) 8pau4
L — BpawarenbHbI MOMEHT, 5 — MOMEHT MHepLuuu agpa.

BonHoBou dyHKUMeNn Bpallarolleroca aapa ABNsieTcA cobcTBeHHas

N

dyHKUMS onepaTopa KBaapaTa MOMHOrO MOMeHTa .J~, MMelowero
co6cTBeHHble 3HaueHus 71°J(J +1), T.e. cdepuyeckasn yHKums

Y,,(0,0). BonHoBasA ¢yHKuMA Aapa, uMetowiero ¢opmy akcuanbHoO-

CUMMETPUYHOro 3NNIUNconpa, He U3MeHsIeTCA NPU NPOCTPAHCTBEHHOMN
UHBepCcuK, T. . nepexoauT cama B cebs. MMoaTomy BonHoBasa byHKLUS
siapa, umerowero oopmy annuncompga CUMMETPUYHA, YTO UCKIHOYaeT

coctosiHua ¢ J =1,3,5,... YétHoctb P cdepuyeckon ¢yHKLMM

J . y
paBHa (—1)". MoaTtomy 4éTHOCTb BpalwaTenbHbIX COCTOSIHUA YeTHO-
4YeTHOro fiApa Bceraa nonoxuternbHa.



BpaljatenbHble coctoaHua aapa 180Hf

gt 1085 (1120)
6" 642 (653)
4+ 309 (311)
2" 93 k3B
0" 0

180
HuxHue BpallaTenbHble COCTOSIHUA aapa 711/ .

Pagom Cc 3KcnepuMeHTanbHbIMU 3HAYEHUSIMU 3SHEPrMn B CKOOKax
npuBeAeHbl 3HepPruu, paccumtaHHble no gpopmyne Eqq,y = R2J(J+1)23
C MOMEHTOM MHEpPLMM 5, OLEHEHHbIM MO 3HEPrum COCTOAHMA 2



COUNTS

COUNTS

BpalwjatenbHble cnekTpbl 6eccnMHOBLIX Aaep
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Bo30yxaeHHble cocToAHUA 2F

1. KBagpynonbHble KonebaHusa ccepuyeckoro sigpa

0+, 2+, 4* E=2hw

o E=hw

o
E=0

2. BpaweHue gedopmMupoBaHHOro sapa

8+

o 7

. E=—J(J+1)

2 23 _
3. OgHo4YacTuyHbIe BO30OyxaeHuA 7 — i + é — O, 1, 2, 3
2 2
—0—@— 3/2- P=(-1)(-1)=+1

P N



NMpumep. Bo3dyxaeHHbIe COCTOAHUA 27
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KonebaTenbHble cOCTOAHMUA Y€éTHO- BpalwarternibHble COCTOAHUSA

YETHbIX chepUnYeCKNX aTOMHbIX AedopMmnpoBaHHbIX YETHO-YETHbIX
anep aTOMHbIX fa4ep



JHeprum nepBoro BpawaTtenbHOro COCTosAHUA
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OaHo4vYacTUYHbIe COCTOSAHUA
B AechopMUpoBaHHbIX fapax
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Moaenu apgep

Monenn KanenbHasa Moaens sapa.
ANEPHBIX dopmyna Bannzekkepa
000JI0UEK l

KoOJUIEKTUBHBIE MOJIEIN SAAEP.
e KoyicOaHue
® BpaIlCHUE

'

JlepopMupoBaHHbIE sapa

—

S nepHbie 000JI0YKH
B JIe(hOPMUPOBAHHOM
OTEHIINAJIC




MoTeHuunan KOkaBbI
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PagnanbHas 3aBUCUMOCTb
HYKITOH-HYKITOHHOro notTeHuyuana

NMoTteHuman, co3gaBaeMbi OGNTAKOM MCNYCKaeMbIX HYKNMOHOM
Ha3BaHue nomeHuyuasa KOkasbl
r
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v
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gN - ﬂﬂeprlﬁ 3apAan HYKITOHa.

Xm,u,em KOkaBa
1907 - 1981

MEe30HOB, HOCMUT



m©-MEe30Hbl, KBAHTbl A4ePHOIro noss

R:izl,S—Z,O Om.
mc

2 _ hc 200 MsB-dum

i R 1.5 dum

[MonoxurtenbHble, oOTpuuUuaTesibHble W HeuTpalnbHbleé MUOHLI
(z*,7°,77) onncbiBalOT B3aumogencTeme mexay nn-, np-, pp-napamMmum

Ha XapaKTepHbIX BHYTpUsagepHbIX pacctoaHusax 1.5-2.0 dm.

~ 130 M3B.

m

> u

n\\//p n{z > | d}p

OIHOTIMOHHOE 71p-B3aNMOJEHCTBHE KBapkoBas nuarpamMmma np-B3auMOICMCTBUS



Ouarpammbl N-N B3anmopgencreumu

N T N T N N—e—N N—¢ N
7T(140M>B) 77(549M3B) ,0(770M3B) (1 (782M>3B)

N 0 N N -0— N N—e—N N *— )\

B3aumogenctene Mexay HyYKIIOHaMM  3aBUCUT  OT CMMHA

YyacTuubl, nepeHocswen B3ammogenctesme. ObMeH BEeKTOPHbLIMMU
yactuamu J=1 npuBOAUT K OTTaNKUBAHUIO MeXAY HYKIOHaMM.

JTO OTTaflkKuBaHue fIBNSieTCA aHanorom

OTTaJIKUBaHUA AOBYX

OAHOUMEHHbLIX 3apAaoB B afneKkTpocTtatuke. OOMeH cKkansipHbIMK
me3oHamu J=0 npuBoAUT K NPUTSXKEHUIO MeXAY HYKNOHaMM.

ME3OH

LL)

n

p

W

Je(l)

0-(1)

0-(0)

1-(1)

1-(0)




KBapku — AgpoHbl — Agpa

PaccTtosiHMe, Ha KOTOPOM NpPOSABNAETCA UBeTHOe B3aumoagenucrteve ~ 1 Om
— XapaKTepHbIU pa3mMmep agpoHa. LiBeTHble B3aumMoaeucTBUA KBapKoB U
rMOOHOB POPMUPYIOT aapOH. TOYHO TaK Xe, KaKk aToOM, COCTOALLMN U3
3apsAXXeHHbIX YacTul, ABNAETCA 3NEeKTPUYECKU HeUTparnbHbIM
obGpaszoBaHueMm, agpoH, COCTOALLMN U3 LBETHbIX OO BLEKTOB, ABNAETCA
OecuBeTHbIM O00BLEKTOM. LiBeT nposaBnaeTcs TONMbKO Ha paccTosAHuu < 10-
13 cm.

BecuBeTHble agpOHbLI CBSA3aHbl APYr C APYroM SA4ePHbIMU CUNaMMU,
KOTOpble ABMATCA aHanoromMm cus CBA3biBalOLWNX HeUTpasribHble aTOMbI
B MOJIeKy-bl. flaepHble CUJIbl — 3TO CNabbIN «OTrONTIOCOK» CUNTbHOIO

B3anmoael i + + i

ATOMHbIE Aapa



ATOoMbI - Monekynbl

ANeKTpoMarHUTHOE TMoJfsie aTomMa cocpenoTOYeHO B 0OMacTU nNpPoOCTpPaHCTBA
pasmepom 10-8 cm. [Ins HabnopgaTens, HaxoasLWerocs Ha 60sIbLUOM PaCCTOSAHUM,
aToOM npeAcTaBnseTcsd HeUTparibHOM CUCTEMOM, TaK KaK NOJIOXUTENbHbIN 3apsaa
Aapa MNOJSIHOCTLIO KOMMEHCUpPYeTCA OoTpuuaTenbHbIM 3apaAaoM  3J1IeKTPOHHOM
ob6ornoukn. [lpu oOpazoBaHUM MOMEKyNbl MPOYHO CBSAI3aHHble BHYTPEHHUE
00O0OJIO4MKN aTOMOB MpPaKTU4YECKU He U3MEeHAKTCcA. XMMuyeckme u usn4vyeckue
CBOMCTBaA MOJEKYNl Onpeaensilotcd OTHOCUTENIbHO Cflabo cBSAA3aHHbLIMMU
3NfleKTpoHaMu BHelwHen 06ono4yku. Cunbl, cBAi3biBawOLWMEe aTOMbl B MOJEKYIlbl,
UMEIT 3fIeKTPOMarHUTHyr npupoay. OgHako 3TO nNUWb Crabbl «OTroONIOCOK»
CUI, CBA3bIBAKOLWMNX 3SIEKTPOHbI U aTOMHOE A4pO.



ATtombl. Monekynbl

FHepeus, 36
=

0 5 10 TR

U3meHeHune aHeprun cuctembl NaCl B 3aBucumocTu ot paccrosiHus (A) mexay nonamm Na* un
Cr
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